Introduction
This paper offers a hypothetical view of cognitive computational mechanisms involved in conscious perception. The proposed hypothesis is that calcium ion waves in astrocytes support the integration of perceptual information. The critical steps of the argument are still not empirically supported, but based on two theoretical assumptions.
First, I assume that physical waveforms (both micro and macro) contain, besides matter/energy, potential patterns that become actualized in the morphology and physiology of living systems, as well as in their cognitive and affective processes. Biological forms emerging in phylo and ontogenetic scales -leading respectively to speciation and maturation of organisms -can be regarded as actualizations of complexes of physical patterns that pre-existed in a potential state. These patterns are eventually referred as "properties", "forms" or "predicates". In Information and Cognitive Sciences, they are treated as "information content" 1, 2 . As Wicken 3 appropriately noted, the Shannon and 6 : "Algorithmic information content…of a physical entity is given by the size, in bits, of the most concise message (e.g., of the shortest program for a universal computer) which describes that entity with the requisite accuracy". In the study of perception, the "physical entity" is the stimulus, the message is composed of information about properties of the stimulus, and the receiver is the brain of living individuals executing cognitive computations on information to construct conscious episodes. At the final stage of processing, the properties of a stimulus are bound to each other, generating a unitary percept.
The action of Biological Maxwell Demons 7 , the proteins, allow physical information patterns internal and external to living individuals to be actualized in their morphology, physiology and behavior, as well as in cognitive and affective processes. For instance, during thinking processes neuronal activity displays elementary microstates 8 that combine to support logical and analogical inferences. Each actualization produces new complexes of elementary patterns, which may appear to the individual or to an observer as being completely new.
In cognitive and affective processes in the brain, the mechanism for actualization is composed of a class of proteins -ion channels -activated by incoming as well as endogenous signals. It should be noted that proteins are the mechanisms that allow actualizations, but not the substrate where cognitive and affective patterns are embodied. This substrate is a population of calcium, sodium, potassium and chloride ions, located in neurons, glia and extracellular space. Ionic currents and waves, controlled by macromolecular mechanisms, constitute the biological medium for conscious cognitive and affective patterns.
In the mammalian brain, related -among other characteristics -to the development of neocortex and thalamo-cortical-striatal circuits 9 , an ensemble of ligand-gated ion channels receive information by means of transmitter release from the pre-synaptic neuron, and control ionic currents in and out the neuronal membrane. In astrocytes, the same transmitters bind to metabotropic receptors, activating ionic waves in microdomains. Both ionic currents in neurons and ionic waves in astrocytes contribute to produce coherent bioelectric patterns that putatively reproduce aspects of the stimulus. These patterns are embodied in graded and action potentials, respectively located at dendrites and axons of neurons, as well as in calcium waves in astrocytes. They can be partially and . My understanding is that the many words are not all actual at once, but potentialities depending on proper mechanisms to become real. Only one potentiality of each constituent particle/wave would be actualized for each individual mind at each moment, as implied by the idea of Quantum Darwinism 14 . The entropy-reduction action of proteins generating coherent patterns in ionic populations suggests the existence of quantum communication in the brain. However, although quantum superposition and entanglement are universal at the micro level, the existence of these processes or analogues ("quantum-like" coherent states) in ionic populations in biological systems, and their putative roles in information integration processes, are controversial issues.
According to the second assumption, the content of conscious episodes is composed of integrated information patterns embodied in ionic currents and waves. This integrated information is experienced by the living individual in the context of interaction with the environment. Information in the brain is mostly not about the brain itself, but about properties of objects and processes in the environment. More precisely, it relates to second-order invariants present in the domain of interaction of the body and the environment 15 . These invariants are not properties of the physical object itself, but stable patterns of object movement relevant to the cognitive subject. In this sense, when I use the term "stimulus", I consider that it may not be a physical object, but a second-order invariant resulting from a dynamical interaction between the living system and the environment.
Consciousness possibly emerges with basic sensations -as hunger and thirst -and respective seeking behaviors, necessary to obtain food and water from the environment, in the context of social collaboration/competition. Successful execution of behavior makes possible the construction of somatic identity, the basis for attribution of meaning to signals and respective performances in the social context. By "meaning" I mean the subjective reaction to the received information content (i.e., to the message carried from the stimulus), including expectations of the individual about how the society he/she lives would react to his/her interpretation of the message. With meaning attribution, action-perception cycles of the living individual are sequentially connected in time, creating a continuity of individual experience that influences the perception of new stimuli.
My argumentation begins with an outline of the mechanisms of cognitive computation in the mammalian brain, focusing on the final integrative process.
Four examples of human perception are given, to illustrate some computational requirements of the process. These are fulfilled by a model of neuro-astroglial interactions presented in a series of publications, including position papers and reviews of empirical results. 16, 17, 18, 19 Other related views can be found in a special issue of the Journal of Biological Physics organized by G. Pioggia (J. 
On the Dynamics of Molecular Signaling and Local Fields in Perceptual Processes
The nervous system operates on information patterns coming from external and internal environments, conducted by means of physical signals and sensed by specialized receptors. Visual information is carried by bioelectric, molecular and chemical signaling, while auditory and tactile information are carried by mechanical/phonon fields. The chemical senses (smell and taste), as well as the sensing of temperature, hunger and thirst are processed on a molecular basis that is mediated on a microscopic scale by electrostatic fields.
All these processes are ultimately describable in terms of causal processes mediated by the electromagnetic force.
In humans and possibly other biological species, the actualization of these patterns into 'gestalts' (conscious episodes) requires specialized mechanisms of detection, selection, broadcasting, integration and attribution of meaning, carried by feedforward/feedback neuronal circuits and neuro-glial interactions. These mechanisms -as we currently know them -are located in the Central Nervous System (CNS) of animals. They include sensory processing in several modalities, cross-modal communication and integration.
The specialized circuits that implement these operations result from an evolutionary process in vertebrates 20 , leading to a high degree of cross-modal plasticity in mammals 21 .
The processing of sensory information patterns and their combination into temporal conscious episodes is a complex process with several phases.
The pattern of a stimulus (a three-dimensional object, and/or invariants in a dynamical interaction process) is physically transmitted to brain receptors (e.g. The form of the stimulus is decomposed into an ensemble of signals, each one presumably reproducing an aspect of the object and/or process being perceived. In the CNS, these patterns match with preexisting receptive fields of neurons, by means of an activation of the respective dendritic graded potential.
These potentials are generated mostly by ligand-gated ion channels (e.g., AMPA glutamatergic receptors) that receive the signal from the stimulus and control movements of ions through the neuronal membranes to generate the potentials.
The signal that is embodied in one neuron's graded potential is The sensory message about aspects of the stimulus reaches a spatially distributed ensemble of receptors located at several cortical areas. Glutamate is the main excitatory transmitter in the brain, being largely present in cortico-cortical networks 26 and operating both on excitatory (as pyramidal cortical) and inhibitory neurons (as GABAergic interneurons). Glu operates as an information carrier to thalamocortical and cortico-cortical synapses, a role that is crucial for the understanding of perceptual processing in the brain. According to Jones 27 "within the brainstem, neurons of the reticular formation, which predominantly utilize glutamate as a neurotransmitter, stimulate cortical activation by exciting the widespread projecting neurons of the nonspecific thalamo-cortical projection system, which similarly utilize glutamate, and neurons of the ventral extrathalamic relay systems located in the posterior hypothalamus and basal forebrain, many of which also utilize glutamate".
Glu transmission is also a key component in the balance of excitation and inhibition that is a necessary condition for cognitive functions 28 . Glu-induced excitation (i.e., membrane depolarization) of interneurons increases their inhibitory action (GABAergic transmission), inducing the flow of chloride ions to hyperpolarize the membrane of the excitatory ones. The thalamocortical Glu-GABA canonical circuit is depicted in Figure 1 . 
Fig. 2 -The Glutamatergic Synapse. Glu released from the pre-synaptic neuron's axon terminal is spread in synaptic space and bind to three different kinds of receptors (AMPA, NMDA and Metabotropic Glu Receptors -MetGR) located at the post-synaptic neuron membrane. The three kinds of receptors activate signal-transduction pathways that converge into the dendritic spine.
The NMDA channel is considered to be a coincidence-detector for both bottom-up (sensory afferent) and top-down (previously learned) patterns 33 , since it opens to calcium entry only after two pulses reach the dendrite in a small time window. The first pulse is necessary to remove a magnesium molecule that blocks the channel, and the other one creates the membrane potential that prompts calcium movement. Because of this condition, the NMDA channel is possibly important to assure the reliability of percepts in regard to stimuli, since it is normally opened only if at least one exogenous excitatory signal reaches the NMDA receptor.
At each cortical specialized cell assembly, the message carried by Glu transmission is detected and amplified by Glu receptors of each active neuron, , the brain is "a system whose macroscopic behaviour cannot be explained without recourse to the microscopic dynamics of its elementary components". However, the mechanism that supports the corresponding cognitive process of pattern integration in the brain cannot be explained by Quantum Theory alone, since these operations occur at the macro level 47 . Cognitive and affective patterns are embodied in spatially distributed electromagnetic fields, which -according to decoherence theory 48 -cannot be in superposed states. The information integration process does not depart from quantum superposed states, but from a spatial ensemble of local fields, as argued below. The second and third examples refer to pre-conscious processes that shape conscious experience. Visual illusions are consciously experienced. They are possibly generated by the same mechanism of information integration responsible for the formation of ordinary conscious 'gestalts'. Since sensory information is processed in distributed way, using independent lines of transmission, there must be a mechanism in the brain that integrates the partial results to form conscious 'gestalts'. In the visual system, this mechanism probably begins to operate at the retina, which is considered to belong to the CNS. propose an explanation for the same feature integration problem based on quantum field theory and a proposed order parameter that "accounts for the density of dipole moment exerted by neuron populations at each point in the neuropil through synaptic interactions". However, in both approaches the material substrate that supports quantum coherence in neurons is missing. Of course, not all astroglial activity correlates with consciousness.
Pereira and Furlan 17, 18 have attempted to define the kind of astroglial activity that covariates with consciousness: the large scale amplitude modulated coherent intercellular calcium waveform that occurs when a threshold of excitation is reached.
Patterns embodied in this wave are proposed to be isomorphic to patterns experienced by the individual in the respective conscious episode. In a phenomenological approach, we can describe our feelings are wavelike (e.g., "waves" of pleasure or pain, gladness or sadness, hunger/thirst or satiation, etc.). If a subject reports "I feel pain when X occurs", the prediction is that at this moment a large calcium wave with the waveform of pain occurs in his/her brain.
In summary, Pereira Jr. and Furlan 18 claim that: a) (in the brain) only astroglial networks can form intercellular AM waves; b) these large-scale waves are the physical counterpart of conscious mental forms, and c) the forms of conscious content are isomorphic (i.e., can be univocally mapped) to the corresponding waveforms.
A sketch of the whole process of cognitive computation leading to the formation of a conscious percept is illustrated in Figure 8 . Initially, we are developing the materials and methods for the construction of a prototype. A second stage would be a pilot experiment to test the prototype. As the system operates with ionic waves, it would be adequate to process waveforms with affective connotation. For instance, we intend to use musical information to produce dynamic waves in the system, to measure it by means of optical imaging, and to visualize the output by means of a visual interface. The Recently it was shown that quantum entanglement can effectively play a role in classical communication 64 . Although it is practically impossible to occur spontaneously, because of decoherence processes, quantum entanglement in a macroscopic, hot, wet and noisy system as the brain can be forced by means of topological entanglement 65, 66, 67 . It refers to "linked loops in three dimensional space", "a non-local structural feature of a topological system", while "quantum entanglement is a non-local structural feature of a quantum system" Two quotes from a commentary by Vedral 73 convey the feeling that emerges from successful experiments with QCs. First, it is becoming increasingly clear that classical statistical mechanics predictions, based only on the energy of the system, are incomplete and mistaken in cases when entanglement occurs: "knowing the different energy states that the system can occupy is sufficient to construct all the other macroscopic quantities needed to describe the physical system completely. But, ultimately, this conclusion is erroneous...we need to know both the energy levels and the particular states corresponding to these energy levels" 73 . Such "particular states" corresponds to the quantum information of the system. Quantum information and communication is the key for a specific kind of interaction that cannot be explained classically.
St im ulus Re c e pt ors Loc a l Fie lds Ast roc yt e s Ca
Second, since quantum phenomena are fundamental, why not account for possible effects on biological processes, including brain processes that support consciousness? Vedral's reasoning goes in this direction: "It is widely accepted that quantum mechanics is our most accurate description of how atoms combine to form molecules, and it lies behind all chemistry. Chemistry in turn provides a basis for biological processes, including the metabolic cycles and the replication machinery making it possible for life to be sustained. So, might it be not only that quantum effects are responsible for the behavior of inanimate matter, but that the magic of entanglement is also crucial in the existence of life?" 73 .
Concluding Remarks
This paper builds on two assumptions, about the existence of potential mental forms in physical nature, and about the substrate that supports conscious cognitive and affective patterns.
The actualization of potential forms assumed to exist in nature depends on their embodiment in material substrates. In this condition, complexes of elementary forms undergo a process that ultimately corresponds to the evolution of the universe. They are combined and recombined, in a "tinkering"
process that corresponds to self-organizing processes of individual systems. Forum, a Nature Network private group, for discussion and criticisms.
